Context. Recently, wavelets and R/S analysis have been used as statistical tools to characterize the optical flickering of cataclysmic variables. Aims. Here we present the first comprehensive study of the statistical properties of X-ray flickering of cataclysmic variables in order to link them with physical parameters. Methods. We analyzed a sample of 97 X-ray light curves of 75 objects of all classes observed with the XMM-Newton space telescope. By using the wavelets analysis, each light curve has been characterized by two parameters, α and Σ, that describe the energy distribution of flickering on different timescales and the strength at a given timescale, respectively. We also used the R/S analysis to determine the Hurst exponent of each light curve and define their degree of stochastic memory in time.
Introduction
Cataclysmic variables (CVs) are binary systems in which a latetype secondary star transfers matter onto a white dwarf (WD) primary. The accretion configuration is different depending on the magnetic field strength of the WD. In non-magnetic systems the accretion disk extends down to the WD surface, while a truncated disk may form in moderately magnetic CVs or may not be present at all in strongly magnetized systems (see Warner 1995 for a review).
Owing to the gravitational potential of the compact primary, the accretion of matter produces a non-negligible flux of X-rays. The mechanism responsible for this emission in non-magnetic CVs during quiescence is the shock heating that acts in the boundary layer between the accretion disk and the WD surface (Patterson & Raymond 1985a,b) , while in magnetic systems Xrays are emitted by a standing shock above the magnetic poles of the WD (Aizu 1973) . In the latter case the X-ray flux is higher, which makes the magnetic systems the brightest X-ray CVs.
Cataclysmic variables are subdivided into three main classes: novae (classical and recurrent), dwarf novae (DNe) and novalike (NL) systems. In addition, there is a class of objects closely related to novae, the so-called super-soft X-ray sources (SSSs), whose members are characterized by a prominent soft spectral component due to thermonuclear burning at the WD surface (see e.g. Orio 1995) . A parallel classification can be made considering the strength of the magnetic field B of the primary. In this case we have the non-magnetic systems, the intermediate polars (IPs, B ∼ 5 − 10 MG) and the polars (B > ∼ 10 MG).
The X-ray light curves of CVs may exhibit a variety of modulations. Periodic coherent modulations due to occultations of the emitting regions can be produced by the orbital motion or by the rotation of the WD. For magnetic systems periodic modulations can also be ascribed to absorption effects produced in the magnetically-confined accretion flow ["columns" in polars (Cropper 1990 ), "curtains" in IPs (Rosen et al. 1988) ]. Besides this persistent variability, CVs may also show quasi-periodic oscillations (QPOs) in both the soft and hard X-ray bands as well as completely stochastic brightness variations, which are usually identified with the term "flickering" (see Kuulkers et al. 2006 , and references therein).
Flickering is generally constituted by a sequence of random flares with typical timescales ranging from a few seconds to a few minutes. This phenomenon has been observed in the Xray light curves of CVs of all classes. For example, observations with the HEAO-1 satellite allowed the discovery of soft X-ray flickering in the polar prototype AM Her (Szkody et al. 1980) , as well as hard X-ray aperiodic variability in the DN SS Cyg during quiescence (Cordova et al. 1984) . Flickering at timescales of ∼ 10 s was detected in the NL TT Ari using both Einstein (Jensen et al. 1983 ) and ASCA (Baykal & Kiziloglu 1996) data. Rapid aperiodic fluctuations were discovered in the light curves of a bunch of CVs also using ROSAT observations (Holcomb et al. 1994; Rosen et al. 1995; Buckley et al. 1998) . A common observational feature is that X-ray flickering shows a continuous power law frequency spectrum, as it does in the visible region. A correlation between the time scale of the Xray flickering activity and that detected in simultaneous optical observations was found in a number of CVs of different classes, e.g. the IP system V795 Her (Rosen et al. 1995) , the polar EF Eri (Watson et al. 1987) , the VY Scl star TT Ari (Jensen et al. 1983) , the old nova V603 Aql (Drechsel et al. 1983 ) and in the DNe SS Cyg and U Gem (Cordova et al. 1984) . This observational evidence has been commonly explained as the result of reprocessing of the X-ray flickering energy.
The properties of flickering have been studied for a long time, especially in the visible region of the electromagnetic spectrum. However, the origin of optical flickering is still uncertain, although there is plenty of evidence that it has to be related to the accretion process. It is very likely that the location of its source should be restricted either to regions very close to the WD, like the innermost part of the disk, or the hot spot (see Bruch 1992 for a thorough discussion). The connection between X-ray flickering and the accretion onto the WD, instead, is evident. For highly magnetic CVs, the rapid soft X-ray flares often detected in their light curves could been explained as the result of a bombardment of the WD surface by random inhomogeneous structures ("blobs") present in the accretion streams (Kuijpers & Pringle 1982) . For instance, the features observed in the light curves of the polar V1309 Ori (de Martino et al. 1998; Schwarz et al. 2005 ) and of the asynchronous polar BY Cam (Ramsay & Cropper 2002) , although they are quite peculiar objects, could be explained with this hypothesis. Also the flares observed in the X-ray light curve of the old nova GK Per, which is an IP, have been interpreted as an indirect indication of blobby accretion (Vrielmann et al. 2005) .
In general, it is often possible to obtain some information about the flickering from the observations of a single object. However, as this is a stochastic process in time, it can be better studied by means of its statistical properties. Fritz & Bruch (1998, hereafter FB98) carried out a statistical analysis of the optical flickering of a large sample of CVs based on the wavelet analysis (Daubechies 1992) of their light curves. They represented the properties of flickering in a two-dimensional parameter space and showed that CVs of different classes tend to occupy different regions of this space. Later Tamburini et al. (2009, hereafter TDB09) used the R/S rescaled range analysis (Hurst 1951; Hurst et al. 1965 ) for the first time as a complementary tool to characterize the degree of persistence/anti-persistence of the white light flickering of the IP-class CV V709 Cas. Motivated by the interesting results presented in these works, we have therefore used the same statistical techniques to study the X-ray flickering properties of CVs as a whole as well as a function of their individual classes to link them with physical parameters.
The α − Σ parameter space and the Hurst exponent
A light curve is represented by a set of data points taken at times t 1 , . . . , t N . We assume that the difference between two consecutive times in the sequence is a constant ∆t, which usually coincides with the binning time. The calculation of the wavelet transform roughly consists in decomposing the analyzed signal into a sequence of wavelets all with a general predefined shape (the mother wavelet), but different positions in time and different scalings. The result is a two-dimensional set with the coefficients c s,k , where k = 1, · · · , N is the time index and s is related to the timescale t s = 2 s ∆t. It is then possible to calculate the quantity
which represents a measure of the variance of the wavelet coefficients on different timescales. The logarithmic plot of S ′ (t s ) as a function of t s is called scalegram (Scargle et al. 1993) . Fritz & Bruch (1998) introduced a normalized version of the scalegram,
and applied it to a large sample of optical flickering light curves of CVs of different classes. It turned out that almost all scalegrams so obtained were approximately linear functions of t s , thus permitting a complete representation of the flickering properties with two parameters: the slope α with respect to the log t s axis, which also indicates whether slow or rapid light fluctuations dominate the stochastic time series, and the strength at a given timescale t ref , Σ = log S (t ref )
. Surprisingly, their results indicate that different subtypes of CVs tend to occupy specific regions of the α − Σ parameter space. This subdivision shows a remarkably small overlap for magnetic NL systems. The linearity of the scalegrams also reveals that the flickering has the intriguing property of being self-similar on a wide range of timescales. Self-similarity is a statistical property of an observable x(t) and is typical of the so-called fractional Brownian motions (Mishura 2008) . In general, x(t) is said to be self-similar for any scale magnification λ if the following relation holds:
The H parameter, called the Hurst exponent, is of fundamental importance in defining the statistical properties of a physical process. In dynamical systems, where x(t) is a function of a continuous variable t, the Hurst exponent characterizes the stochastic memory in time of a random process, because it expresses the tendency of the first derivative of x(t) to change sign. A process is said to be persistent when H > 1/2, while an exponent H < 1/2 indicates anti-persistence. In the particular case H = 1/2, the process shows a random uncorrelated behavior with no stochastic memory in time (Peters 1994) .
From an observational point of view, x(t) is represented by a time series with a discrete time domain. Yet the self-similarity relation expressed by Eq. 3 is still valid, as are the properties of the H parameter. One of the most efficient statistical method used to estimate the Hurst exponent of a time series is the R/S analysis. The R/S analysis is non-parametric, in the sense that there are no specific assumptions or requirements for the distribution of the observables. Moreover, it has been shown to be robust even in the presence of a discrete noise level (Chamoli et al. 2007) .
Given a set of observables x(t) with 0 ≤ t ≤ T , the R/S analysis consists in subdividing the data set in intervals of length τ and evaluating the range
and the standard deviation
where x τ is the average value of the observable in each subinterval and X(t, τ) = t k=1 x(k) − x τ . The average value of R/S τ = R(τ)/S (τ) , i.e. a quantity that describes the "distance" covered by the observable in units of the local standard deviation, is then calculated for each sub-interval of equal length τ. For a self-similar process, it can be shown that
Hence, the Hurst exponent is represented by the slope of the linear relation between log τ and log R/S τ . It has been also demonstrated that the time-averaged wavelet coefficients depend on the scale parameter following a power law with exponent H + 1/2 (Simonsen et al. 1998) . Therefore, the variance of the wavelet coefficients averaged with respect to the k time index must satisfy the relation
where β = 2H + 1 (Gao et al. 2003) . Because of this property, TDB09 proposed to use the R/S analysis as a complementary tool to characterize the stochastic properties of flickering by calculating the parameter α through the determination of the Hurst exponent H.
Data analysis
In order to obtain a homogeneous sample of X-ray light curves, we used data collected with the EPIC cameras (pn, MOS1 and MOS2) onboard the XMM-Newton telescope (Jansen et al. 2001) , which provide both good timing accuracy and high sensitivity. The latter property is of particular importance when dealing with DNe in quiescence, which are typically faint in the Xray band. Moreover, thanks to the high spacecraft orbit, XMMNewton is an ideal observatory to achieve long [up to ∼ 40 hr (Barré et al. 1999 )] uninterrupted observations and therefore obtain good quality light curves for the R/S analysis. We used the Catalogue of Cataclysmic Binaries, LowMass X-Ray Binaries and Related Objects, edition 7.11 1 (Ritter & Kolb 2003) , to select all CVs observed with XMMNewton and obtain their J2000 coordinates. We then retrieved all publicly available data containing processed light curves of these objects from the XMM-Newton Science Archive (Arviset et al. 2002) . Because the largest part of the observations were pointed, many of the X-ray sources could be safely identified with the corresponding object in the catalog. However, a visual check of the automatic identification process was applied for those data that were not pointed, to exclude spurious sources from our sample. In this way we found 116 light curves of X-ray sources positively ascribed to CVs. These light curves, as part of the pipeline products obtained from observations with the EPIC cameras operated either in imaging or timing mode, were automatically extracted in the 0.2-12 keV energy range, background-subtracted and binned to obtain a sufficiently good S/N ratio for each bin. We did not apply the heliocentric correction, because in all cases it is of the order of 0.1 s at most and therefore is negligible compared to the binning time that is always longer than 10 s.
The quality of the light curves was then checked to select only those suitable for the statistical analysis. As a first step, although a screening for high background radiation was already applied to the data during the processing at SSC, we carefully checked the background status during each observation and discarded all data subjected to high background contamination. When large gaps were present, the resulting screened light curves were further reduced to have a continuous coverage of N > 128 points and therefore at least six points in the scalegrams. This also gave reliable results from the R/S analysis (Katsev & L'Heureux 2003) . Furthermore, for some objects the count rate was too low (< 0.1 counts s −1 ) and the corresponding light curves were discarded. After this selection procedure, our final sample constituted a total of 97 light curves of 75 objects: 23 light curves of 20 DNe, 60 light curves of 46 NL systems, 9 light curves of 5 novae and 5 light curves of 4 SSSs (see Table 1 ).
The binning time applied during the pipeline processing at SSC has a lower limit of 10 s for the brightest objects and is short enough to sufficiently sample the flickering with short timescales. But this binning time does not allow us to include in the statistical analysis the very rapid flickering (timescale of 1 − 5 s) that might be present in many CVs, especially those hosting strongly magnetic WDs.
The actual amplitude of the flickering at these very short timescales could be strongly affected by the shot noise of the EPIC cameras, whose amplitude is roughly proportional to the square root of the binning time ∆t assuming a pure Poissonian noise and a constant count rate within ∆t. As a result, the scalegrams of all light curves would show a flattening at those short timescales, regardless of the class of the object. With the adopted binning time we expect to avoid this undesired behavior, which might bias the real statistical properties of flickering.
For each light curve we calculated the c s,k coefficients provided by a discrete wavelet transform algorithm with a Coiflet C12 mother wavelet and obtained the corresponding scalegrams. Then, we derived the α parameters by linearly fitting the data points at all time scales, while Σ was calculated at t ref = 0.05 hr. The wavelet type and the reference time adopted in our analysis were chosen to allow a direct comparison with the results of TDB09 and FB98 obtained for the flickering in the visible region. None of the analyzed scalegrams showed any tendency to be flat at small scales, thus indicating that the S/N ratio was high enough.
The Hurst exponent was estimated using the R/S analysis and considering all the sub-intervals of each light curve containing a number of data points in the interval [10, N]. The lower limit was chosen to obtain statistically significant mean values and standard deviations.
To obtain the H parameter we had to perform a linear fit of all the data points appearing in the log τ − log R/S τ plane. However, for almost all light curves we found that there was not just one linear regime of the rescaled range, thus indicating the presence of different scaling laws at different time scales. Examples of this behavior are shown in Fig. 1 with the data obtained from the R/S analysis of the X-ray light curves of GK Per, CP Pup and FO Aqr. While the curve of the latter object is almost linear at all scales, for the other two there are two different regimes below and above log(τ[hr]) ∼ −0.5. An investigation of this peculiar behavior, which is typical of multifractal systems (Stanley & Meakin 1988) , is beyond the scope of this paper. Still, the presence of bends in the scaling law is a well known effect that arises when there are periodic signals. Indeed, if a periodic modulation with a period P is present in a selfsimilar time series, then a break in the initially linear scaling law will appear exactly at log P. Moreover, there will be more than one break if there are many superposed periodic signals (Peters 1994). For those data in the sample that show this phenomenon in the log τ − log R/S τ plane, the breaks are always found at log(τ[hr]) > ∼ 0.1 and, therefore, we might expect that they are likely produced by QPOs or by proper dynamical motions of the CV systems. For instance, the curve of CP Pup changes its slope at long time scales (see Fig. 1 ), where it also shows some oscillations, because of the appearance of the orbital period log(P Ω [hr]) = 0.167 of the system.
The estimation of a unique value of the Hurst exponent is not an adequate way to describe the self-similarity properties of a light curve because in this way it is impossible to decouple the different scaling behaviors that might be appearing in different regions of the log τ−log R/S τ plane (Simonsen 2003 ). Because we are only interested in the flickering, we estimated the H exponents considering just the linear portion of the rescaled range at small scales, i.e. before the appearance of the first break.
The results of our analysis are shown in Table 1 , where the entries of the columns are 1. name of the object; 2. class of the CV (DN = dwarf nova, NL = nova-like, N = nova, SS = super-soft X-ray source); 3. subtype according to Ritter & Kolb 2003 
Results
The diagrams representing the distributions of the α and Σ parameters obtained with the wavelet analysis of the X-ray light curves are shown in the upper part of Fig. 2 . For comparison, we also plotted the corresponding diagrams obtained by FB98 from the analysis of data in the visible band 2 . The data points were subdivided in three diagrams corresponding to the different classes of CVs and marked with different symbols in function of their subtypes, according to the classification of Ritter & Kolb (2003) . We also included SSSs, which was not considered in FB98, because of their affinity with novae and their prominent emission in the soft X-ray domain.
A remarkable result is that all X-ray data points seem to be contained within a small area delimited by 1.5 < ∼ α < ∼ 3 and −3 < ∼ Σ < ∼ −1.5, regardless of the CV class. If we compare the three X-ray diagrams in Fig. 2 , we can see that data points belonging to objects of different classes totally overlap within this small region. This reveals a very homogeneous behavior of the X-ray flickering, with just very marginal differences shown in function of the subtype of CVs. Considering only the X-ray data of NL systems, there is a tendency for some members of the polar class to have slightly higher α values than IPs and nonmagnetic systems. Moreover, many objects belonging to the NL class show Σ values higher than -2, but novae, SSSs and DNe are always found with Σ < ∼ −2 (with the noticeable exception of SS Cyg). The distribution of the data points of SSSs is very similar to that of novae, although we cannot exclude that this behavior could be due to the incompleteness of the X-ray sample of objects belonging to these groups. Dwarf novae appear to be a rather homogeneous class, as was also pointed out by FB98. Their data points are all located almost in the same region occupied by novae and SSSs, but with an apparently narrower interval of α values.
Some additional information can be inferred from the results of the R/S analysis. The distribution of the Hurst exponents of the whole sample of CVs shown in the left panel of Fig. 3 is quite symmetric, with a peak at H = 0.82. Moreover, all light curves present values of H higher than 0.6, with no evidence of purely Gaussian processes (H = 0.5) acting in any of the objects of the sample. The distribution of H in function of the three classes of CVs (Fig. 3, central panel) is strongly biased by the smaller sample of DNe and novae with respect to the NL systems. We can only say that there is a tendency for the latter to have higher Hurst exponents with respect to the other two classes. If we instead subdivide the whole sample into magnetic and non-magnetic systems by checking the additional subclassifications reported in the catalog of Ritter & Kolb, the resulting distributions are more statistically significant. Then the two distributions (see Fig. 3 , right panel) are peaked almost at the same value H ∼ 0.82, with magnetic systems showing an evident tail towards higher H and vice-versa for non-magnetic CVs.
Discussion

The visible and X-ray samples
The distribution of the X-ray data points in the α − Σ parameter space shows some important differences from that of the visible data, although a direct comparison between the two has to be taken with care. Indeed, the numbers of light curves present in the two samples are very different, about 10 times higher in the FB98 sample than those considered here. However, it is important to note that many of the points in the visible band diagrams refer to the same object, while the points obtained in the X-rays generally correspond to only one light curve per object. Therefore the two samples are comparable in terms of numbers of distinct objects analyzed (73 in the visible and 75 in the Xrays).
Because many of the data points of the the FB98 sample belong to the same object, their distribution in the α − Σ parameter space also reflects the temporal variation of the flickering. For this reason, FB98 could analyze the time dependence of the flickering parameter in some CVs and found a significant variability only for the α parameter.
For the X-ray data, it is impossible to do a similar investigation because none of the objects of the sample has a comparable number of light curves taken in different epochs. It is only possible to roughly check the significance of the variations of α and Σ parameters by calculating the absolute value of the difference between their maximum and minimum values (|∆α| and |∆Σ|) and compare them with the corresponding errors.
All objects with at least two X-ray light curves are listed in Table 1 , together with the time ∆T elapsed between the first and the last observation and the resulting |∆α| and |∆Σ| with 1σ errors. In general, the variation of the flickering parameters is not statistically significant when compared with the uncertainties. The only exceptions are for those CVs that were observed during a transition between two different states, namely the polar CD Ind (from high to low state), the novae V2491 Cyg and V4743 Sgr declining to a state of very low emission, and the DN Z Cha, which was in outburst during the first observation. It Table 1 . Variation of the flickering parameters in some CVs of the X-ray sample.
Object name
∆T ( seems therefore that the distribution of the X-ray data points of a single CV in the α − Σ parameter space does not strongly depend on the time, at least when the object is observed while it is in the same state.
The X-ray flickering properties
Taking the issues discussed in Sect. 5.1 into consideration, we can see that the distribution of the X-ray data appears to be much less dispersed than in the visible. The α parameter is found to be positive for all the objects present in the sample, which means that much of the energy is dissipated in long timescale flickering events. However, we do not find α values lower than ∼ 1.5 for any CV in the X-ray sample. This differs quite remarkably from the distribution of the optical data, where some objects show flickering activity with α ∼ 0.5. It seems therefore that the X-ray flickering energy is typically dissipated in flares with relatively longer time scales than those in the optical region. Curiously, there seems to be a kind of cutoff at α ∼ 3 in the X-rays and at α ∼ 2.5 in the visible, which might imply the existence of an upper limit in the time scale of the flickering independent of the CV class. A more evident difference is detectable between the distributions of the Σ parameter that roughly describes the strength of the flickering. Fritz & Bruch (1998) showed that the energy dissipated in the visible flickering spans more than 3 orders of magnitude, independently of the CV class, and seems to be correlated to the subtypes of each class. Instead, the Xray light curves possess flickering components with very similar strengths. In particular, the evidence found in the visible data that magnetic NL systems have higher Σ values than the nonmagnetic ones is not detectable in the X-ray data. All subtypes of NL objects populate very similar regions in the X-ray α − Σ parameter space. The tendency of some polars to show slightly higher α values than the other members of the class suggests that the duration of the X-ray flares might be somewhat correlated to the modality of accretion, which also depends on the strength of the magnetic field of the WD.
The R/S analysis demonstrates that the X-ray light curves of CVs have, in general, high values of the Hurst exponent. Therefore, the X-ray flickering has a strong persistent memory in time, including also extreme cases like GK Per (in outburst) and RXJ1312+1736 in which H is close to unity. This is in contrast with the results obtained in the visible band, where TDB09 showed that the distribution of H has a peak at 0.68 and is strongly asymmetric, with a longer tail extending towards lower values of H. There the light curves show both persistent (H > 0.5) and anti-persistent (H < 0.5) behaviors. Note though that TDB09 calculated the Hurst exponents from the α parameters of FB98 using the power law relation of the variance of the wavelet coefficients (Gao et al. 2003) . That is why the derived H values might be affected by the presence of multiple scaling laws at the different time scales used by FB98 to calculate α.
We also found that magnetic CVs tend to posses higher H values with respect to non-magnetic systems. This implies that the flickering tends to have a more persistent memory in time in those objects where the accretion is driven by WDs with a magnetic field with significantly detectable strengths. As proposed by TDB09, this property could be used as a further method to assess the membership of a CV to a specific class. For instance, we consider LS Peg, V426 Oph and EI UMa, whose classification is still uncertain. The properties of the X-ray spectra of these objects are similar to those of of IPs 3 , but their X-ray light curves do not show any strong modulation at the spin period of the WD (Ramsay et al. 2008 ). However, from our analysis of the X-ray flickering we find H exponents larger than 0.8 in all their light curves (see Table 1 ), which could support their magnetic nature.
A possible explanation
It is not straightforward to give an explanation of the difference between the optical and X-ray flickering properties so far described. In CVs hosting an accretion disk we expect a significant contribution to the optical flickering due to reprocessing of X-rays (Suleimanov et al. 2003) , because the X-ray radiation is most likely produced very close to the WD primary. If these system were also magnetic, there should be an additional contribution to the optical flickering from the accretion columns. This might explain the higher Σ presented in the visible by magnetic NL systems. However, a simple reprocessing process cannot explain the observed difference in polar systems, which do not contain an accretion disk. Warner (2004) proposed a scenario in which rapid quasicoherent brightness modulations in CVs with an accretion disk could be of magnetic origin. He then argued that a dominant fraction of apparently non-magnetic systems could host WD primaries with non-negligible fields (B < ∼ 7 MG). If we adopt this interpretation, we could expect the X-ray flickering to be connected to a magnetically-driven accretion process in the majority of the objects. This might explain why we find in the X-ray band a strong similarity among all the classes of CVs. On the other hand, the appearance of a distinction in the visible between the magnetic and the (supposed) non-magnetic systems with accretion disk could be explained, apart from reprocessing, if WDs with higher magnetic fields somehow enhance the optical flickering through processes related to magneto-hydrodynamical turbulence (King et al. 2004; Dobrotka et al. 2009 ).
The link between magnetic accretion and X-ray flickering could explain not only that magnetic CVs tend to have higher Hurst exponents, but also the evidence that it is, on average, higher in the X-rays than in the optical region. An argument in favor of this interpretation comes from studies of artificially generated magnetized plasma, which is a state very similar to that of the matter within an accretion flow in the proximity of the WD. It has been experimentally found that edge fluctuations of plasma in several magnetic confinement devices possess a long-range time correlation, showing values of H between 0.62 and 0.75 (see e.g. Carreras et al. 1999; Gilmore et al. 2002) . The same behavior has been noticed in turbulent plasma by studying the statistics of pulsed phenomena very similar to the blobs supposed to be generating the X-ray flickering in polars or in IPs with disk-overflow accretion (Dendy & Chapman 2006; Sandberg et al. 2009 ).
Conclusions
We have used the wavelets and the R/S analysis as statistical tools to characterize the flickering in a sample of 97 X-ray light curves of CVs of all classes.
In general, the distribution of the X-ray data points in the α − Σ parameter space is almost independent of the class and, therefore, quite different from that in the visible. The α parameters are all contained in the range 1.5 < ∼ α < ∼ 3. This implies that the dissipation of the flickering energy occurs typically in long time scale flares. Moreover, the strength of the X-ray flickering is found to vary in the region −3 < ∼ Σ < ∼ −1.5, which is much smaller than that found in the optical region. There is no evidence for magnetic NL systems to have higher Σ values than the non-magnetic systems. The different behavior in the visible region and in the X-rays could be explained assuming that part of the optical flickering in system harboring an accretion disk could be originated by other slower components such as trailing waves.
All objects in our sample show values of the Hurst exponent higher than 0.5, with a peak of the distribution at H = 0.82. The predominance of a persistent stochastic behavior can be ascribed to a magnetically-driven accretion process acting in the majority of the CVs considered here. In particular, the result obtained for magnetic CVs clearly depicts the behavior of a plasma trapped by the magnetic field in the accretion streams.
However, it must be pointed out that the sample of the X-ray light curves analyzed here is still not large enough to allow us to draw firm conclusions. Therefore, the analysis of further data collected in future X-ray observations will permit us to overcome possible selection effects and to better define the statistical properties of the flickering. On the other hand, a larger sample of polar systems analyzed in the optical region would allow us to verify our suggestion that the observed properties of X-ray flickering are intimately related to magnetically-driven accretion processes.
As a final remark, it would have been interesting to use the method proposed by TBD09 to calculate the Hurst exponent from the α parameter (or vice-versa) and quantitatively demonstrate the impact of that procedure. However, it was not possible to do it with the X-ray data because for the vast majority the of the objects in the sample the R/S analysis has been typically stopped at a timescale comparable to the second or third "octave" of the corresponding scalegrams. For this reason, the H values obtained with the two methods are not comparable because either they refer to different timescales maybe including multiple Hurst exponents, or the α parameter is obtained by linearly fitting just two or three points, which is not reliable. 
